The propensity for movement-specific reinvestment (conscious attention to and control of body movements) is associated with disrupted movement in a variety of circumstances. Movementspecific reinvestment has been shown in adults but not in children, as a validated psychometric instrument for children does not exist. The aim of this study was to examine the psychometric properties of a movement-specific reinvestment scale adapted specifically for Chinese children (MSRS-CC). Five hundred and thirty-two Chinese pre-adolescents aged 7-12 yrs completed the MSRS-CC and a sub-sample completed the questionnaire again three weeks later. Another sub-sample also completed the Coordination and Health subscales of the Physical Self-Description Questionnaire (short form; PSDQ-S). All questionnaires were completed during normal school days. A random half of sub-sample two completed the MSRS-CC before the PSDQ-S and the other half completed the questionnaires in reverse order. Confirmatory factor analyses demonstrated sound internal validity for the Scale's two-factor model. Acceptable internal reliability and satisfactory test-retest reliability were evident. Convergent and discriminant validity with the Coordination and Health subscales of the PSDQ-S was also tested, but the former was unexpectedly low. Future research using objective measures of motor proficiency was recommended. The MSRS-CC is potentially a valuable tool for understanding movement control by children in research as well as in clinical and educational settings.
low self-esteem, depression and anxiety (Lingam et al., 2012; Piek, Baynam, & Barrett, 2006; Pratt & Hill, 2011) . Additionally, children with less proficient fine motor skills have been shown to perform worse academically (Chang & Yu, 2010) , so there seems little doubt that motor competence plays a critical role in the well-being and everyday functioning of children (Rivilis et al., 2011; Wang, Tseng, Wilson, & Hu, 2009) .
In adults, the propensity for movement-specific reinvestment (conscious attention to and control of body movements) has been linked to motor proficiency in situations in which motivation to move effectively is elevated Masters, Polman, & Hammond, 1993) . Masters and colleagues argued that a variety of contingencies, including anxiety, fear, boredom, fatigue and movement difficulties or disorders, could result in conscious attempts to oversee the execution of well-practiced movements that are better left to run automatically. The role of reinvestment in movement disruption has been demonstrated in various adult populations (see . For example, numerous studies have shown that under psychological pressure people with a high propensity for reinvestment are more likely to display disrupted performance of sports tasks, such as soccer kicking (Chell, Graydon, Crowley, & Child, 2003) , golf putting (Maxwell, Masters, & Poolton, 2006) and hockey dribbling (Jackson, Ashford, & Norsworthy, 2006) . In a clinical context, elderly fallers (Wong, Masters, Maxwell, & Abernethy, 2008) , and people with Parkinson disease (Masters, Hall, MacMahon, & Eves, 2007) or stroke (Orrell, Masters, & Eves, 2009 ) have all been found to have a greater propensity for movement-specific reinvestment than age-matched controls. Masters et al. (2007) also found that duration of Parkinson disease was associated with propensity for reinvestment, suggesting that the tendency towards conscious control of movements increased over time. Similarly, Orrell et al. (2009) found that functional impairment following stroke was associated with propensity for reinvestment and duration of rehabilitation. In surgical practice, propensity for reinvestment has also been shown to be associated with slowed laparoscopy performance by medicals students under time pressure (Malhotra, Poolton, Wilson, Ngo, & Masters, 2012) .
Evidence of a mediating role of movement-specific reinvestment in motor performance seems unequivocal in adults, but it is unclear, at this stage, whether reinvestment plays a role in motor performance by children. Evidence suggests that relatively young children may be more likely to consciously control their motor performance if they learn skills, such as throwing, with too much explicit knowledge of how to execute the movements (Capio, Poolton, Sit, Eguia, & Masters, 2013; Capio, Poolton, Sit, Holmstrom, & Masters, 2013; Maxwell, Masters, & Hammond, 2008) , but whether movement-specific reinvestment is facilitative or debilitative to motor performance in young children is yet unknown partly due to the absence of a validated psychometric instrument to measure movement-specific reinvestment in this population. Following the early development of a Reinvestment Scale (Masters et al., 1993) that was not specific to movement, the Movement-Specific Reinvestment Scale (MSRS) was developed (Masters, Eves, & Maxwell, 2005) , which has been widely utilised to measure the propensity for conscious control by adults, and has been validated in a variety of ethnic populations (Kleynen et al., 2013; Masters et al., 2005; Wong et al., 2008) . The scale is comprised of two subscales, one that gauges the tendency to attend to and control the mechanics of one's movements, conscious motor processing (CMP), and one that gauges the tendency to be self-conscious about the style of one's movement, movement self-consciousness (MSC). Despite the sound psychometric properties of the MSRS for adults (Masters et al., 2005) , as well as its Chinese version (Wong et al., 2008) , it is crucial to ascertain that the modified version of the MSRS for the child population is indeed measuring the intended construct and that the language used is comprehensible for young children of all ages due to the relatively varied cognitive development during childhood (Ling, McManus, Masters, & Polman, 2014) .
Therefore, the aim of the current study was to adapt and validate a Chinese version of the MSRS (Wong et al., 2008) for use in Chinese pre-adolescents aged between 7 and 12 years. Existing Downloaded by [84.203.90 .221] at 07:20 16 April 2015 evidence suggests that compared to the children in the west, Chinese Hong Kong children exhibited more superior fundamental motor ability such as jumping, running and hopping (Pang & Fong, 2009) , however, whether the observed difference might be attributable to Chinese children possessing a relatively lower propensity for movement reinvestment remains unknown and, as previously indicated, no existing psychometric instruments are available to investigate such possibility. Besides investigating the internal validity and internal consistency of the adapted movement-specific reinvestment scale for Chinese children (MSRS-CC), we also examined its convergent and discriminant validity against the Coordination and Health subscales of the Physical Self-Description Questionnaire (short form) (PSDQ-S; Marsh, Martin, & Jackson, 2010) . The PSDQ-S assesses 11 aspects of children's physical self-concept, and for the current study, only the Coordination and Health subscales were used, which measure self-perceived coordination and self-perceived health, respectively. We hypothesised that scores on the MSRS-CC would correlate moderately (.50 to .70) and negatively with scores on the Coordination subscale (convergent validity), as movement reinvestment has shown to impede motor performance in adults as previously mentioned, and poorly (less than .25) with scores on the Health subscale (discriminant validity) as the tendency to consciously control body movements might have a rather indirect link with one's perceived health (Portney & Watkins, 2000) . We also conducted gender comparisons in the propensity for movement-specific reinvestment. While evidence for gender differences in gross motor proficiency, such as running, agility and ball throw, has been equivocal, girls demonstrated more superior proficiency in timed tasks such as balancing and finger sequencing (Larson et al., 2007; Wrotniak, Epstein, Dorn, Jones, & Kondilis, 2006) . For this reason, no specific predication has been proposed for gender differences in the propensity for movement reinvestment.
Method

Participants
Parental consent and child assent were obtained from children aged 7-12 years (n = 532, mean age = 9.66 yrs ± 1.13; 52.6% boys) in Grade 2-6 of three local government-aided schools in Hong Kong. Participants completed the MSRS-CC at time 1 and a sub-sample of 246 participants (sub-sample 1) completed the questionnaire again 3 weeks later (time 2) for the test-retest reliability assessment. A second sub-sample of 266 participants (sub-sample 2) completed the Coordination and the Health subscales of the PSDQ-S at time 1. No significant age or gender composition differences were noted between the larger sample and the sub-samples. All measures and procedures were approved by the Institutional Review Board for Human Ethics.
Measures
Movement-Specific Reinvestment Scale -Chinese (MSRS-C): The MSRS-C (Wong et al., 2008) was translated-back-translated and adapted from the original MSRS (Masters et al., 2005) . The 10-item MSRS measures the propensity to consciously attend to and control movements and comprises two factors -CMP (example item: I reflect about my movement a lot) and MSC (example item: I am concerned about my style of movement). Each item is anchored at its extremes by 1 (strongly disagree) and 6 (strongly agree). Higher scores suggest a greater propensity for reinvestment. The MSRS-C demonstrates good internal validity, sound discriminant and predictive validity for use in Chinese adults (Wong et al., 2008) . Tremayne, 1994), which was designed to measure 11 aspects of physical self-concept in adolescents. The PSDQ has been modified and translated to different languages and has consistently shown sound psychometrics across cultures, including Australian, Spanish and Turkish (Marsh, Marco, & Abçý, 2002) . It was later translated and validated for use in Chinese pre-adolescents and the Chinese version has demonstrated excellent psychometric properties, including internal consistency (α = .74), internal validity, and predictive validity, comparable to those of the original PSDQ (Hau, Sung, Yu, Marsh, & Lau, 2005) . For the purposes of the current study, only the Coordination subscale (example item: I am good at coordinated movements) and the Health subscale (example item: I get sick a lot) were utilised. Each subscale comprises five items, with answers ranging from 1 (True) to 6 (False).
Procedure MSRS-CC modification: In the development of the MSRS-CC, wordings on the MSRS-C were simplified. Based on the first author's experience in questionnaire development for this population, all items were changed from the statement format to a question format, as the first-person statements (e.g. "I reflect about my movement a lot") seemed to be particularly challenging to comprehend than the third-person questions (e.g. "Would you think about the body movement you've performed?") especially for the younger children partly because the instructions are in third person (see Appendix 1). Three teachers from the recruited schools who were experienced in teaching various grades were also consulted in the content and answer format of the modified questionnaire in terms of its comprehensiveness for the different age groups, and minor changes in the wording were made accordingly. Following this, pilot testing of the modified instrument was initially conducted on 3-5 participants from each grade who were encouraged to ask for clarification should any expressions were unclear to them. The pilot testing revealed that, although the wordings appeared to be comprehensible to all age groups, the majority of participants had difficulty interpreting the six response categories when differences between the proximal points in the scale were frequently questioned. Subsequently, we modified the categories using a four-point scale, which has less ambiguity than a five-point scale that contains a mid-point, and yet retains enough range of choice to maintain response stability (Streiner & Norman, 2008; Weng, 2004) . The re-modified scale was again pilot-tested with four participants from each age group. Despite that a few clarifications were requested especially from the youngest age group, they were primarily for confirmation of their understanding rather than for reiteration of the meaning. Thus, no further modifications were made to the questionnaire. The MSRS (English) and the MSRS-CC are shown in Appendix 1.
Questionnaire administration: Completed parental consent forms were returned to the school teachers who then made arrangements for the questionnaires to be completed during class. To counterbalance possible order effects when the PSDQ-S subscales and the MSRS-CC were presented at time 2, a random selection of half of the participants completed the MSRS-CC followed by the PSDQ-S three to five days later, whereas the remaining participants completed the questionnaires in the reverse order. All questionnaires were self-administered. A researcher or a teacher was present to answer any questions or to read out the items if comprehension was an issue especially for the younger children.
Analysis strategy
After checking for univariate normality of the data, using Finney and DiStefano's (2006) off of 8.0, the entire sample was randomly divided so that half could be used as a confirmatory sample and half could be used as a cross-validation sample to test invariance of the factor structure of the two-factor model (Anderson & Gerbing, 1988) . Confirmatory factor analyses (CFAs) based on maximum likelihood estimation and a covariance matrix were conducted using AMOS 5.0 software (Arbuckle, 2003) for structural equation modelling. The factor structure of the MSC and the CMP was first assessed separately (using the confirmatory sample) before combining them for analysis of the two-factor model (using the confirmatory and the cross-validation samples) (Byrne, 2010) . Lambda was set at 1 for the first observed indicator of each latent variable (i.e. MSC and CMP) and the error weights, and all other parameters were allowed to be freely estimated.
The goodness-of-fit indices used to detertmine the model fit of the MSRS-CC include: (1) the chisquare statistics (a non-significant p-value would suggest an acceptable model fit though it could be sensitive to sample size, with a larger sample size more likely to demonstrate a significant chisquare statistics despite minor discrepancies between the data and the model; Anderson & Gerbing, 1988) , (2) the standardised root mean square residual (SRMR; less than or equal to .08 for a good fit), (3) the root mean square error of approximation (RMSEA; close to or less than .06 for a good fit), including its 90% confidence interval (CI; < .05 (lower bound) and < .08 (upper bound) as acceptable; 0 (lower bound) and <.05 (upper bound) as good fit; Browne & Cudeck, 1993) , (4) the goodness of fit index (GFI) and (5) the comparative fit index (CFI; greater than or equal to .95 for a good fit and .90 for an adequate fit; Hu & Bentler, 1999) . Model modification was carried out using chi-square statistics, cross-correlation of error terms given that there is a substantive theoretical justification for it, for example, similarity in the content of the items concerned (Byrne, 1994) , modification indices (MIs) and factor loadings (greater than or equal to .34 was considered acceptable; Stevens, 2002) . In addition to testing the factor structure for the entire sample, factorial invariance was also tested for the different age groups concerned -good validity for one age group may mask poor validity for another age group, especially when understanding of a construct can vary as a consequence of cognitive developmental differences in young children (Cremeens, Eiser, & Blades, 2006; Ling et al., 2014) . Therefore, to ensure structure invariance between the different ages, the entire sample was split into three age groups (7-8, 9-10, 11-12 years) and multi-group comparison was conducted by constraining all measurement weights and structural covariances to be equal in our final model for the MSRS-CC (a non-significant chi-square change from the constrained to the unconstrained model would suggest factorial invariance between the age groups). This was followed by examination of the internal consistency of the MSC and CMP (approximately .70 or above as acceptable depending on the number of items in the scale and the construct it was designed to measure; Cortina, 1993; Kline, 1999; Tabachnick & Fidell, 2007) , and test-retest reliability of sub-sample 1 analysed with intraclass correlation with 95% CI using a two-way random model (intraclass correlation coefficient (ICC) of .81 or above classified as "excellent", .61-.80 as "good", .41-.60 as "moderate" and .40 or below as "poor"; Nunnally & Bernstein, 1994) . The convergent and discriminant validity of the MSRS-CC and the MSC and CMP subscales (using the Coordination subscale and the Health subscale of the PSDQ-S) were also tested by Pearson product-moment correlation analyses. After the validation procedure, gender differences were examined using multi-group comparisons to ascertain factorial invariance between the gender groups. Gender differences in the full MSRS-CC and in the MSC and CMP subscales were then tested using analyses of variance (ANOVAs).
Results
MSRS-CC internal validity
An inspection of the skewness and kurtosis values for the 10 items (−0.48 to 0.19 and −1.16 to −0.37, respectively) (to indicate univariate normality) and the critical ratio of 7.42 (to indicate multivariate normality), revealed that the data were normally distributed. We thus proceeded with CFAs for the scale. Based on the confirmatory sample, the factor structure of the MSC subscale demonstrated an excellent model fit (χ 2 [5] = 5.03, p > .05; SRMR = 0.03; RMSEA (90% CI) = 0.00 (0.00-0.08); CFI = 1.00; GFI = 0.99). As for the CMP subscale, perusal of the MIs suggested a correlation between the error terms of item 4 ("I try to think about my movements when I carry them out") and 7 ("I am aware of the way my body works when I am carrying out a movement"). On inspection of the items, it was noted that both are concerned with thoughts about body movements during execution. This lends theoretical support for correlating the error terms of the two items and the subsequent model fit has improved from ( The MSC model and the re-specified CMP model were then combined into one analysis, but the two-factor model demonstrated a relatively poor model fit (χ 2 [33] = 94.52, p < .05; SRMR = 0.06; RMSEA (90% CI) = 0.08 (0.06-0.10); CFI = 0.89; GFI = 0.94). The MIs indicated correlations of error terms for two pairs of items -items 1 ("I remember the times when my movements have failed me") and 9 ("I try to figure out why my actions failed") as well as items 5 and 10. On inspection of the four items, it was again noted that each of these pairs shares similar meaning about reflection on one's own body movement, with items 1 and 9 concern with past failure in executing body movements while items 5 and 10 concern with being self-conscious about body movements. This observation has provided an appropriate theoretical ground for proceeding with the correlation of the respective error terms, resulting in an improvement of model fit (χ 2 [31] = 50.39, p < .05; SRMR = .04; RMSEA (90% CI) = 0.05 (0.02-0.07); CFI = 0.97; GFI = 0.96). Factor loadings of this two-factor model ranged from 0.36 to 0.65. Given the adequate sample size, we accepted this model for further analyses despite the significant chi-square statistics which is somewhat sensitive to sample size (Anderson & Gerbing, 1988) . Results of the CFA for the cross-validation sample demonstrated a satisfactory model fit (χ 2
[31] = 61.19, p < .05; SRMR = 0.05; RMSEA (90% CI) = 0.06 (0.04-0.08); CFI = 0.92; GFI = 0.96) with factor loadings ranging from 0.40 to 0.70. Considering that there did not appear to be other substantive theoretical reasons for re-specifying the factor structure of the scale, no further changes were made to this two-factor model. Summary of the model fit indices for the original and the re-specified models was provided in Table 1 .
To ensure factorial invariance between the three age groups, multi-group comparisons were carried out (n = 105, 348 and 79 for 7-8 yrs, 9-10 yrs and 11-12 yrs, respectively). Data for the three age groups appeared to fit the confirmed two-factor model (χ 2 [93] = 189.92, p < .05; SRMR = 0.06; RMSEA (90% CI) = 0.04 (0.04-0.05); CFI = 0.91; GFI = 0.94) and a non-significant chi-square change from the constrained to the unconstrained model suggested factorial invariance across the three age groups (χ 2 [16] = 9.09, p = .91).
MSRS-CC internal consistency, test-retest reliability, convergent and discriminant validity Table 2 presents a summary of the internal consistency and test-retest reliability of the MSRS-CC and the MSC and CMP subscales, as well as their respective scores for both genders at time 1 and time 2. Based on the entire sample, both MSC and CMP demonstrated acceptable internal consistency with Cronbach's alpha (α) of 0.68 and 0.67, respectively, considering that (a) the scale is comprised of only 10 items (i.e. a larger number of items in a questionnaire is likely to generate a greater α than one with fewer items) (Cortina, 1993) , (b) the scale was designed to measure a psychological construct for which an α below 0.70 is even expected due to the complexity of processes involved (see Dunn Note: MSRSC-C, movement-specific reinvestment scale for children -Chinese; MSC, movement self-consciousness; CMP, conscious motor processing, χ 2 = chi-square; df, degree of freedom; SRMR, standardised root mean square; RMSEA, root mean square error of approximation; 90%CI, 90% confidence interval of the RMSEA; CFI, comparative fit index. *p < .05 (two-tailed). off from the 0.70 recommendation. For sub-sample 1, a good test-retest reliability was noted for the MSRS-CC, with an ICC of 0.62 (95% CI, 0.50-0.71).
Regarding the convergent and discriminant validity, the Coordination subscale and the Health subscale of the PSDQ-S demonstrated acceptable internal consistency in sub-sample 2 (α = 0.76 and 0.77 respectively). Thus, we proceeded to examination of their correlation with the MSRS-CC and the MSC and CMP subscales. Pearson's product moment correlations indicated that score on the MSRS-CC was significantly correlated with score on the Coordination subscale (r = .18, p < .01), but not with score on the Health subscale (r = .07, p = .24). Further investigation showed that for the subscales, score on CMP was significantly related to score on the Coordination subscale (r = .21, p < .01). However, significant correlations were not evident between CMP and the Health subscale (r = .11, p = .07), MSC and the Coordination subscale (r = .11, p = .08) or MSC and the Health subscale (r = .02, p = .77). Details of the correlation results can be found in Table 3 .
Gender comparisons
Further CFA showed that the data for boys and girls fit the two-factor model generated in the previous analyses (χ 2 [62] = 100.28, p < .01; SRMR = 0.05; RMSEA (90% CI) = 0.03 (0.02-0.05); CFI = 0.96; GFI = 0.97). A non-significant Chi-square change from the unconstrained to the constrained model (χ 2 [8] = 5.62, p = .69) suggested that the data for both genders shared the same factorial structure (i.e. the items and factors in the Scale appeared to measure the same theoretical construct for both genders), allowing direct comparisons of their MSRS-CC scores. ANOVA Note: MSRS-CC, movement-specific reinvestment scale for chinese children; MSC, movement self-consciousness; CMP, conscious motor processing; PSDQ-S,-physical self-description questionnaire (short form); r, Pearson product moment correlation coefficient. ** p < .01 (two-tailed).
Downloaded by [84.203.90 .221] at 07:20 16 April 2015 revealed no significant differences between the genders in their overall MSRS-CC, MSC or CMP scores (see Table 2 for a summary of gender comparisons on the respective scores).
Discussion
To our knowledge, this is the first attempt to develop a psychometric instrument to measure movement-specific reinvestment in young children. Our results demonstrate that the MSRS-CC possesses acceptable internal validity and internal consistency. Despite the cross-correlation of error terms for a few items, which may indicate similarity of content, no items were deleted from the questionnaire as subtle content differences remained detectable. Our findings suggest that the same two-factor structure applies to ages ranging from 7 to 12 years, implying that the MSRS-CC appraises the same construct for the entire age range. Test-retest reliability also appeared to be satisfactory. Despite the significant correlation between the MSRS-CC and the Coordination subscale of the PSDQ-S, our result was unexpected due to the low positive correlation. Further examination indicated that CMP but not MSC was correlated significantly with the Coordination subscale, which is perhaps unsurprising considering that items from the Coordination subscale, such as "I am good at coordinated movements" probably represent the mechanics (i.e. CMP) rather than the style of movement (i.e. MSC). Additionally, movement-specific reinvestment may not have a similar direct and negative relationship with motor proficiency, and motor performance, in young children compared to adults, as there exists some evidence to suggest that the effect of age might moderate the relationship where dispositional self-consciousness could enhance young children's motor performance but was likely to impair that of adolescents (Tice, Buder, & Baumeister, 1985) . Moreover, research seems to suggest that self-efficacy could be a prominent factor affecting children's motor proficiency/motor performance in both clinical and non-clinical child populations (Peens, Pienaar, & Nienaber, 2008; Wrontniak et al., 2006) . These empirical evidence may partially explain our unexpected findings in the non-significant association, and the relatively low yet significant and positive correlation, between selfreport coordination and MSC and CMP respectively in our pre-adolescent sample. Future research is encouraged to take into account self-efficacy in the investigation of movement reinvestment, motor proficiency and/or motor performance.
In addition, no gender differences were observed with respect to propensity for reinvestment which may simply imply that factors other than movement-specific reinvestment contribute to coordination, such as biological differences (Thomas & French, 1985) and/or gender-specific activity participation (Harrell et al., 2003) . Of course, it is also possible that significant gender differences in the propensity for movement-specific reinvestment do not emerge until adolescence when gender differences in gross motor proficiency (e.g. locomotor skills and object control) become more apparent (Booth et al., 2006; Thomas & French, 1985) .
Despite the growing body of research into movement-specific reinvestment in adults, our understanding of its influence on the motor competence of children, and their subsequent physical activity and sport participation behaviour, is limited. Our study has shown that the MSRS-CC may be a useful tool to further understanding of movement reinvestment in Chinese pre-adolescents; however, future research is encouraged to examine the construct and predictive validity of the Scale. Recently, neuropsychological evidence has emerged to defend the construct validity of the Scale. People who score high on the CMP subscale, for example, display greater co-activation between the verbal-analytical (left temporal) and motor-planning (frontal midline) regions of the cortex during movement than people who score low on the Scale (Zhu, Poolton, Wilson, Maxwell, & Masters, 2011) . Whether similar findings can be expected in children is of both theoretical and clinical interest. Furthermore, greater understanding of the role of movement reinvestment in motor competence can potentially benefit physical education teachers and sports coaches Downloaded by [84.203.90 .221] at 07:20 16 April 2015 who wish to design better coaching practices, and paediatric professionals who wish to design and assess interventions for children with developmental motor impairments.
Some limitations of the current study are worth noting. First, caution is warranted when administering the MSRS-CC to younger children. In some cases, limited linguistic abilities may require aids to comprehension from an experienced instrument administrator. Moreover, although the PSDQ-S has demonstrated strong psychometric properties and that self-perceived coordination has been used as a proxy of motor performance, objective measures of coordination, such as assessments of fundamental motor skills, should be used to examine the relationship between movement reinvestment, motor proficiency and motor performance in children. Lastly, the relatively disproportionate age group samples may be of statistical concern, although the sizeable overall sample (n = 532) and the normality of the data suggest that there is unlikely to be a problem.
To conclude, the current study has confirmed acceptable psychometric properties for the MSRS-CC, which was developed to measure Chinese pre-adolescents' propensity to consciously attend to and control their movements. The MSRS-CC potentially is a research tool that can be used to advance our understanding of conscious attention and control in motor behaviour in a variety of clinical and educational settings that underlie physical activity by children.
